groundwater to deeper depths. In this zone, the groundwater shows lower mineralization comparing to intrapermafrost zone and has a multi-ion nature Cl-HCO 3 -Na-Ca-Mg.
INTRODUCTION

Zonation of groundwater circulation in the region of Spitsbergen
In areas of continuous perennial permafrost, the occurrence of groundwater is usually related to three zones (Williams & van Everdingen Groundwater occurrence in the Hornsund region Detailed hydrochemical analysis of waters from the unglaciated area of the Hornsund region was the subject of the studies conducted by Krawczyk & Pulina () .
These studies, located in Fugleberget river basin (Table 1) (Table 2) .
Water samples were collected once, because of logistical difficulties. Interpretations were relied on data from 2006.
Results from 2003 were used to assess temporal changes.
Water electrical conductivity (EC), temperature, pH and redox potencial (Eh) were measured in situ during the field work using an Elmetron CX401 multiparametric meter that was one-point calibrated with a solution of 141 μS cm À1 , two-points calibrated with 4 and 7 pH buffers at temperature of 10 W C, using combined electrode ERPt-13
for Eh determination (not calibratable). Measurement precision was 0.05 for pH, 1 μS cm À1 for EC, and about 5 mV for Eh determination.
Colorimetric titration with an indicator of pH ¼ 4.3 was utilized to determine alkalinity. The mean value of three titrations was determined in order to characterize alkalinity. The overall analytical precision of this analysis was better than 1%. Water samples (2 × 100 mL) collected in polyethylene bottles were taken from each sampling point. Before 
RESULTS
In all sampling points chemical differences between water circulation systems were noted. For suprapermafrost zone (samples B5, S1, P1), lower mineralization, pH and temperature were observed compared to considerably higher values of these indicators for intrapermafrost (Rs5, R2) and subpermafrost (R1, O1) zones (Tables 3 and 4 (Table 3) . In all sampling points oxidizing conditions were observed (Table 4) (Tables 3 and 4 ). In contrast, the ion composition of springs in non-carbonate bedrock was dominated by the HCO 3 -Cl-Ca-Mg (Figure 3 ). Mineralization of groundwaters occurring above perennial permafrost (S1 -piezometer) as a B5, S1, P1 -suprapermafrost waters; R2, Rs5 -intrapermafrost waters; R1, O1 -subperamfrost waters.
layer of water was significantly higher than mineralization of springs occurring under the slopes (B5 -spring) which are largely fed by snow melt water in higher portions of the slopes (Tables 3 and 4 
The intrapermafrost zone
The intrapermafrost zone mainly occurs in the karst areas. . Simultaneously they indicated a great stability of temperature during the summer season within the range of 2.2-2.8 W C (Table 5 ). Only during the period of rapid snow and ice melting when there was an increased inflow of waters into the suprapermafrost zone, the temperature of these waters decreased to about 2.2 W C. The lowest mineralization of water was also observed in this period (Figures 5 and 6) .
A great inertia of ionic composition and lack of daily variability, which would indicate the outflow of ablation water, suggest a relatively long time of groundwater flow and common ion exchange processes in the studied karst system (Leszkiewicz ).
A different type of groundwater has been reported for springs discharging in frontal moraines of the Nannbreen, Werenskioldbreen, Hansbreenn Glaciers located on eastern (Bieroński 1977; , and also under Raudfjellet. The observed temperature of the water in the spring R2 (6.9 W C) was higher than assumed for this circulation zone (Table 4 ). This is probably the impact of air temperature in summer, with a small spring discharge ( After taking into account the inflow of water in the Orvin spring its chemical composition was similar to the springs of Raudfjellet (R1) ( Table 3) . Waters circulating in this system were of multi-ion nature Cl-HCO 3 -Na-Ca-Mg where the content of the first four elements were similar to each other (Table 6) . 
